Submitochondrial particles from soybean (Glycine max L. cv Jupiter) hypocotyls with an ATPase activity of 0.3 to 1.0 micromole per minute per milligram were prepared by sonication with Mg-ATP. The particles catalyzed ATP synthesis with NADH and succinate; the ratios of ATP/O with these substrates were 1.0 and 0.1, respectively. As monitored by oxonol-VI, the particles built up and maintained a membrane potential that was higher with The H+ -ATP synthases of energy-transducing membranes catalyze the synthesis of ATP from ADP and phosphate with the energy of electrochemical H+ gradients derived from electron transport (10, 25) . The ATP synthases of several biological sources have been extensively studied and they are known to be formed by a membrane sector (FO) whose function is to mediate transport of H+ to the catalytic moiety (F1) responsible for the synthesis of ATP and, under some conditions, ATP hydrolysis (10, 25) . The studies that have been carried out on the ATP synthases on plant mitochondria are not as numerous as those made using mammalian mitochondria. However, some studies (6, 8, 11, 12, 27) subject to regulatory mechanisms. The observation that the ATPase activity of plant submitochondrial particles is increased by trypsin (6, 8, 11, 27) suggests that the enzyme is regulated by an inhibitor protein similar to that described in H+-ATPases from other energy-transducing membranes (2, 19, 23, 24) .
The H+ -ATP synthases of energy-transducing membranes catalyze the synthesis of ATP from ADP and phosphate with the energy of electrochemical H+ gradients derived from electron transport (10, 25) . The ATP synthases of several biological sources have been extensively studied and they are known to be formed by a membrane sector (FO) whose function is to mediate transport of H+ to the catalytic moiety (F1) responsible for the synthesis of ATP and, under some conditions, ATP hydrolysis (10, 25) . The studies that have been carried out on the ATP synthases on plant mitochondria are not as numerous as those made using mammalian mitochondria. However, some studies (6, 8, 11, 12, 27) indicate that the ATPase activity of plant mitochondria is 1 subject to regulatory mechanisms. The observation that the ATPase activity of plant submitochondrial particles is increased by trypsin (6, 8, 11, 27) suggests that the enzyme is regulated by an inhibitor protein similar to that described in H+-ATPases from other energy-transducing membranes (2, 19, 23, 24) .
This work describes results indicating that the ATPase activity of submitochondrial particles from soybean hypocotyls, similar to that of mammalian mitochondria (4, 9, 22, 28) , can be increased by the establishment of a AIdH derived from electron transport or ATP hydrolysis. However, it was also found that during hydrolysis of ATP, some anions that are known to stimulate ATP hydrolysis (3) induce a further activation of the enzyme. This suggests that these anions activate the ATPase of plant mitochondria by binding to an enzyme form that appears during the catalytic cycle.
MATERIALS AND METHODS
Soybean seeds (Glycine max L. cv Jupiter) were surface-sterilized for 15 min in a 1% sodium hypochlorite solution and washed several times with distilled water. The seeds were germinated at 30°C in the dark for 5 d in wet filter paper. The etiolated shoots (500-700 g) were cut and placed in 1.5 L of 0.5 M mannitol, 20 mM Hepes/KOH (pH 7.4), 1 mm EGTA, 4 mm cysteine, and 0.1% BSA (the pH of the solution was adjusted to 7.4 with KOH at 25°C). The shoots were homogenized with a Polytron disintegrator (probe 9) on batches of 40 ml for 4 s. The homogenate was passed through four layers of cheesecloth, the pH adjusted to 7.0 with KOH, and was centrifuged at 1,400g for 10 Changes in this assay medium are described under "Results." The reaction was started by the addition of 1.4 mg protein and arrested after 10 min with 6% trichloroacetic acid, final concentration. 32Pi incorporation was determined as described elsewhere (1) .
A double beam spectrophotometer was used to estimate the membrane potential of the submitochondrial particles by following the absorbance changes of oxonol-VI (18) at 603 to 630 nm. The assay was carried out at 30°C in a 1 ml system containing 0.25 M sucrose, 20 mm Tris-HCl (pH 7.4), 10 mM MgCl,, and 6 ,uAM oxonol.
ATPase activity was measured spectrophotometrically by NADH oxidation at 30°C following changes in absorbance at 340 nm in an ATP regenerating system as described previously (1 
RESULTS
General Characteristics of Soybean Submitochondrial Particles. Oxonol-VI has been used to monitor the membrane potential of plant submitochondrial particles (18) . In agreement with these findings, it was found that submitochondrial particles from soybean hypocotyls were able to build up and maintain a membrane potential with either NADH, succinate, or ATP (Fig. 1) . The highest potential was observed with NADH. The potential formed with ATP, NADH, or succinate was collapsed by oligomycin, rotenone, and FCCP, respectively (Fig. 1) . In agreement with these findings, it was found that submitochondrial particles catalyzed a higher rate of synthesis of ATP with NADH than with succinate (Table I ). In agreement with many reports (for review, see Ref. 17) , it was found that a significant portion of the aerobic oxidation of NADH was rotenone insensitive. For the rotenone-sensitive respiration, a P:O ratio of 1.0 was calculated. The values obtained are in agreement with those reported for pea cotyledon submitochondrial particles (5). In soybean mitochondria prepared as described here, higher P:O ratios were found (16) , which indicates that preparation of the particles results in partial uncoupling of oxidative phosphorylation.
Phosphate Induced Increase of ATPase Activity of Submitochondrial Particles from Soybean. In many different preparations of soybean submitochondrial particles, an ATPase activity that ranged between 0.3 and 1.0 ,umol min-' mg-I was observed. In heart submitochondrial particles, it has been reported (1) that high concentrations of phosphate relieve the inhibitory action of the natural ATPase inhibitor protein on ATP hydrolysis in a temperature-dependent process. Experiments were thus carried out to see if phosphate could induce the same activating effect in the ATPase of soybean particles. The data of Figure 2 show that, indeed, the preincubation of particles with phosphate induced a significant activation of the ATPase. The activation was higher at 38°C than at 20°C (Fig. 2A) . At 50°C the activation was faster than at 380C, but at this temperature the activity declined with time. The rate of activation also depended on pH (Fig. 2B) ; activation was faster at pH 8.0 than at pH 7.5 and 7.0. These latter findings are in agreement with those of Iwasaki and Asahi (11) . However, we observed that after maximal activity was reached at pH 8.0 and 7.5, the activity started to diminish. Therefore, pH 7.0 and a temperature of 38°C were chosen to study the characteristics of the activation process. It is necessary to point out that regardless of the initial ATPase activity of the submitochondrial particles (average of 17 preparations, 0.7 --+ 0.2,mol min-' mg-1), incubation with phosphate at pH 7.0 and 380C always brought about activation of hydrolysis. (Fig. 3) . NADH induced the highest increase in ATPase activity. As NADH induced the highest membrane potential (Fig. 1) , there would seem to exist a correlation between the activation of the ATPase and the magnitude of the membrane potential. A possible correlation between JApH and activation of hydrolysis was not evaluated. It has been reported (9) that Ai is the main factor involved in the relief of the inhibitory action of the inhibitor protein. However, other authors (4) have suggested that both Ai and ApH are involved in the process, but the latter to a lower extent.
It was considered of interest to explore whether the activation of the ATPase, as induced by incubation of particles with succinate, NADH, and Mg-ATP, could be further increased by phosphate. As shown in Figure 3 , A and B, the inclusion of phosphate in the preincubation medium that contained NADH or succinate did not significantly affect the activation of the enzyme. In contrast, when the particles were preincubated with Mg-ATP, the inclusion of phosphate in the preincubation medium brought about a significant increase in the ATPase activity of the particles (Fig. 3C) . This was particularly marked in the first 30 min of preincubation.
The data in Table II illustrate some of the factors that may be involved in the activation of the ATPase by Mg-ATP and phosphate. In the presence of EDTA, ATP, and phosphate, the activation was much lower than when Mg`+ was included in the preincubation medium. In addition, it was observed that in the presence of phosphate, Mg-ADP (plus pl,p5-di[adenosine-5']pentaphosphate to prevent formation of ATP through adenylate kinase activity) provoked a lower activation of the ATPase. Thus, the findings suggest that hydrolysis, and not ATP per se or ADP as reaction product, is the factor involved in the activation of the ATPase. It is also noteworthy that FCCP prevented the activation induced by Mg-ATP and phosphate. This indicates that coupled hydrolysis is required for activation. The activated ATPase was about 90% sensitive to oligomycin (Table II) . This indicates that the mitochondrial ATPase was the enzyme that was activated and not a contaminating ATPase. The sensitivity to oligomycin also indicated that at least 90% of the activity measured was due to F1 bound to F,.
Effect of Anions on the ATPase Activity of Soybean Submitochondrial Particles. In order to characterize whether the stimulatory effect of phosphate in increasing the ATPase activity of particles preincubated with Mg-ATP was specific, other anions were tested. Maleate, malonate, and bicarbonate each had an effect similar to that of phosphate (Table III) . The increase in ATPase activity by these anions was not due to their presence in the assay medium; their concentration in the assay medium was 0.5 mm and at this concentration they did not stimulate hydrolysis (not shown). Chloride and acetate had no such effect (data not shown). It is noteworthy that the activating anions correspond to those that Ebel and Lardy (3) found stimulated the ATPase activity of FI-ATPase when included at high concentrations in the assay medium for hydrolysis.
It should be mentioned that maleate, malonate, and bicarbonate did not increase the ATPase activity of the particles when they were preincubated with NADH. With succinate as a A H producing substrate, maleate and bicarbonate also failed to induce activation (data not shown).
DISCUSSION
In agreement with numerous reports on the ATPase activity of mammalian (1, 2, 4, 9, 23, 28) and plant (6, 8, 11, 12, 27) mitochondria, the present findings indicate that the ATPase activity of soybean submitochondrial particles is subject to similar regulatory mechanisms. The ATPase activity of plant submitochondrial particles has been shown to be increased by trypsin (6, 8, 11, 27),,Ai (Fig. 3) , and phosphate (Fig. 2) . Since these agents overcome the inhibitory action of the inhibitor protein in the ATPase activity of other types of mitochondria, it is probable that at least part of the regulation is mediated by an inhibitor protein with properties similar to those described in other energytransducing membranes (1, 2, 4, 9, 19, 23, 24, 28) . However, more direct evidence is needed to ascertain that indeed an inhibitor protein regulates the ATPase activity of plant mitochondria.
With respect to the regulation of ATPase activity in plant mitochondria, the effect of phosphate and other oxyanions is of particular interest. In the ATPase of mammalian (3. 21) . yeast (26) , and plant (6, 7, 15, 20, 29, 30) (Table III) . The activation depended on the existence of AftH since FCCP prevented activation (Table II) . In contrast, when AftH was built up through electron transport, phosphate (Fig. 3) 
